ABSTRACT We examined the effect of juvenile density on offspring performance of Neopallodes inermis Reitter (Coleoptera: Nitidulidae) in relation to the use patterns of mushrooms of Collybia spp. In total, 407 individuals from eight insect families were reared from 80 mushrooms from 1999 to 2001. N. inermis and Hirtodrosophila alboralis Momma et Takada (Diptera: Drosophilidae) were dominant. The emergence of N. inermis peaked at 20 d after mushroom collection, whereas that of H. alboralis peaked at 12 d. Adult females of N. inermis lay eggs soon after the mushrooms occur. The mean fresh mass of the mushrooms soon after their appearance from which N. inermis emerged was larger than that of mushrooms with no emergents. An increase in the density of N. inermis was associated with a shorter elytral length of N. inermis both in 1999 and 2000. However, a greater density of other insects was associated with a shorter elytral length only in 2000. In 2000, when H. alboralis was most abundant in the insect community, an increase in their density was not signiÞcantly associated with a shorter elytral length of N. inermis. This suggests that the effect of intraspeciÞc competition could work consistently. Females of N. inermis possibly reduce the effects of competition by ovipositing on large immature mushrooms because a large resource patch reduces competition among insects by reducing their density, although it was not clearly indicated because of unpredictable factors acting on mushrooms.
Generally, mycophagous insect communities that form on polypores consist of both specialists and generalists, whereas those that form on agaric fruiting bodies consist primary of polyphagous generalists (Hanski 1989) . Jaenike (1978) proposed that low predictability in occurrence of agaric fruiting bodies has resulted in polyphagy in mycophagous insect communities. However, some insect species show monophagy or oligophagy on agaric fungi. For example, some species of Hirtodrosophila (Drosophilidae) are highly specialized to the fungal genus Pleurotus (Pleurotaceae) (Toda and Kimura 1997) , and many records of Holarctic Cyllodes (Nitidulidae) are also from the Pleurotus (Leschen 1999) . These records indicate that insect species do not always show polyphagy among agaric genera.
In our study site, Neopallodes inermis Reiter (Nitidulidae), usually used only a single agaric genus, Collybia Hijii 2003, 2007) . In mycophagous beetle communities established on polypores, specialist species usually attack fresh fungi. However, mycophagous drosophilid ßies often compete for resources in individual agaric mushrooms (Grimaldi and Jaenike 1984 , Shorrocks and Bingley 1994 , Takahashi and Kimura 2005 , because heterogeneity of resource quality is unlikely within each individual mushroom (Rouquette and Davis 2003) . Thus, it is expected that nitidulid beetles colonize mushrooms of Collybia earlier than generalists and therefore are able to escape from competitors and exploit resources more effectively.
Biological information on N. inermis is very limited: The genus Neopallodes consists of 20 species from Asia and Australia (Leschen 1999) and N. inermis is distributed in Japan (Kurosawa et al. 1985) and China (Kirejtshuk 1994) . Two other Neopallodes species, N. harmandi and N. omogonis, are reared from some fruiting bodies of Agaricales (Hayashi 1978) . However, the genus Pallodes, which is closely related to Neopallodes, is recorded from Collybia and other 14 genera of Basidiomycetes. In our study site, N. inermis was reared from mushrooms mostly in June and July. Collybia and Mycena were dominant agaric genera in this season (Yamashita and Hijii 2004) .
Unlike other ephemeral and patchy resources, mushrooms develop and then deteriorate even after colonization of insects, and this trait might thus pro-mote predictive oviposition-site selection that would favor their offspring performance. We made Þeld observations for 3 yr to answer the following questions: 1) Does N. inermis colonize mushrooms of Collybia before colonization of other insects and avoid competitive interactions with other insects within each mushroom? 2) Can parents reduce negative effects of competition on their offspring by predictive oviposition site selection? We focused particularly on competitive interactions among larvae in each individual mushroom, which would affect the offspring performance.
Materials and Methods
Study Site. Field observations and collections were carried out in the Experimental Forest of Nagoya University at Inabu, central Japan (35Њ 11Ј N, 137Њ 33Ј E, Ϸ1,000 m above sea level). The stand was dominated by Pinus densiflora Sieb. et Zucc., followed by Chamaecyparis obtusa (Sieb. et Zucc.) Endl. and Lindera triloba (Sieb. et Zucc.) Blume. Between July 1999 and June 2002, the annual mean temperature was 8.2ЊC, and the mean annual precipitation was 2,336 mm. Three 10-by 10-m plots were established at the study site 2Ð 40 m apart from each other. Each plot was divided into 100 quadrats, each 1 by 1 m. Surveys of the resource use pattern of mycophagous insects were made in the plots, and the developmental and deteriorative processes of mushrooms were monitored outside the plots.
Mushrooms of Collybia. The mushrooms we tallied included two morphological types, but almost all of them were likely to be Collybia sp. such as Collybia dryophila (Bull: Fr.) Kummer. Occurrence of mushrooms of Collybia spp. was limited to the rainy season (JuneÐJuly) and year-to-year variation in seasonal appearance was small (Yamashita and Hijii 2004) . The spatial distribution of mushrooms tended to overlap in two consecutive years (Yamashita and Hijii 2006) .
Changes in Size of Mushrooms. Four developmental or deteriorative stages of Collybia spp. mushrooms were distinguished: immature soon after appearance (S1), fresh with pileus partly expanded (S2), intermediate with pileus fully expanded (S3), and entirely decayed or dried (S4).
Mushrooms of Collybia spp. newly growing near the three plots in the study site were tagged, and the stage and the maximum and the minimum diameters of each mushroom were recorded. In the laboratory, each mushroom was weighed on a microbalance and then placed on a piece of Þlter paper on moistened sand in a polyethylene container with a lid (80, 200, or 550 ml, according to the size of the mushroom) and sometimes misted with distilled water to keep the mushrooms moist if necessary. The containers were maintained at 25ЊC. All the mushrooms were inspected for emerging adult insects every 3 or 4 d for 3 mo.
Nitidulid and drosophilid insects were identiÞed to the species level and the other insects to the family level. The elytral length of emerging nitidulids was measured as an index of body size to a precision of 0.04 mm under a binocular microscope. The elytral length was used as an indicator of offspring performance, because body length is correlated with reproductive ability in many insects (Honȇ k 1993). Insect specimens are deposited in the Research Institute for Humanity and Nature. All the mushrooms were used for rearing insects and therefore we could not reserve them as specimens.
Analyses. Changes in the size of individual mushrooms were described in terms of the mean diameter of the pileus, which was calculated from the values of the long and short axes. The daily change in the diameter of pilei was represented by the mean value of several mushrooms that occurred on the same day. Whether the order of size among mushrooms changed with growth was examined by PearsonÕs correlation coefÞcient between the mean diameter of pilei at a particular stage and that at each subsequent stage. Mushrooms that were already present when the survey started were included in this analysis.
Relationships between the elytral length of emerging nitidulids and the densities of nitidulids, dominant drosophilids, and other insects per mushroom were analyzed for the pooled data set across all survey occasions in each year by multiple regression analyses to test whether there was any density effect. Other insects include parasitic Hymenoptera and unidentiÞed insects. Changes in the daily mean diameter of mushrooms of Collybia spp. showed a bimodal pattern in each year (Fig. 1) Table 1) .
Results

Patterns of Mushroom
Patterns of Resource Use in Nitidulids and Drosophilids. In total, 407 individuals from eight insect families were reared from 80 mushrooms from 1999 to 2001 (Table 2 ). In 2002, only one mushroom of Collybia sp. occurred in the plots, and no insects emerged. Nitidulids and drosophilids were dominant in the community. All of the nitidulids that emerged were N. inermis. Five drosophilid species were recorded, among which Hirtodrosophila alboralis Momma et Takada (Drosophilidae) was dominant. In 1999 and 2001, the largest number of emerging insects was N. inermis, whereas in 2000 they were H. alboralis.
The emergence of N. inermis peaked at 20 d after mushroom collection (Fig. 2) , whereas that of H. alboralis peaked at 12 d. N. inermis emerged from mushrooms at S1 to S4 in 1999 and 2000; H. alboralis emerged from mushrooms at S4 in 1999 and at S2 to S4 in 2000 (Fig. 3) . Other insects emerged from mushrooms at S1 to S4 in 1999 and at S3 to S4 in 2000.
In 1999, the mean fresh mass of the mushrooms at S1 from which N. inermis emerged was 0.115 Ϯ 0.051 g (mean Ϯ SD), whereas that of mushrooms with no emergents was 0.053 Ϯ 0.023 g (t ϭ 3.703, df ϭ 17, P ϭ 0.002 after log transformation). For every other stage and year, comparisons of the mean fresh mass between mushrooms with and without emergents could not be determined because of the small sample size.
Density Effect on Body Size of N. inermis. The elytral length of N. inermis ranged between 1.5 and 2.4 mm and decreased with an increase in the density of insects in both 1999 and 2000 (Fig. 4) . We conducted multiple regression analysis for the data sets from 1999 and 2000. Because the number of mushrooms from which H. alboralis emerged was small in 1999, H. alboralis was included in the group of the other insects in 1999. Thus, we considered the densities of N. inermis and the other insects in 1999 and those of N. inermis, H. alboralis, and the other insects in 2000, to be explanatory variables. An increase in the density of N. inermis was associated with a shorter elytral length in N. inermis both in 1999 and 2000 (Table 3 ). However, greater densities of the other insects were associated with a shorter N. inermis elytral length only in 2000. In 2000, when H. alboralis was most abundant in the insect community, an increase in the density of H. alboralis was not signiÞcantly associated with a shorter elytral length in N. inermis.
Discussion
In the system we studied, mushrooms of Collybia were colonized by N. inermis Þrst, followed by dipterans (Fig. 3) . Shorrocks and Bingley (1994) reported that in mycophagous drosophilid communities there was a priority effect, in which early colonizers gain greater offspring performance than late colonizers. In our study, however, in 2000, the body size of emerging adults of N. inermis, an early colonizer, decreased with an increase in the density of late colonizers per mushroom (Table 3 ). This implies that N. inermis had not pupated before the other insects had colonized and that competitive interactions between larvae of N. inermis and those of the other insects occurred when the other insects were abundant.
In a mycophagous drosophilid community, Grimaldi and Jaenike (1984) showed both intraspeciÞc and interspeciÞc competition for resources, as occurs in other insect communities that form on ephemeral and patchy resources such as carcasses, dung, and fruits (Atkinson 1979 , Ridsdill-Smith 1991 , Prinkkilä and Hanski 1995 , Dukas et al. 2001 , Finn and Gittings 2003 . A multiple regression analysis showed that there was a negative effect of the density of N. inermis on its body size in 1999 and 2000, but in 2000, the effect of the density of the other insects was stronger than that of N. inermis (Table 3 ). This suggests that the effect of intraspeciÞc competition could work consistently, but even so, that of interspeciÞc competition could be stronger than that of intraspeciÞc competition.
The selection of oviposition site by adults is an important factor affecting the Þtness of offspring (Thompson and Pellmyr 1991, Mayhew 1997) . We suspect that females of N. inermis might reduce the effects of intra-and interspeciÞc competition on the performance of their offspring by ovipositing on (43) 201 (32) 11 (5) 407 (80) Numbers in parentheses show the number of mushrooms from which insects emerged. No insects emerged from a mushroom sample in 2002. n is number of mushrooms collected. large immature mushrooms (S1). These mushrooms tended to grow larger as they mature (Table 1) , and such enlarged resource patches may reduce competition among insects by reducing their density (Sevenster and van Alphen 1996) . However, a predictable pattern of mushroom growth that larger immature mushrooms can grow into larger mushrooms later was not persistent among years (Table  1 ). In addition, among individual mushrooms, the duration of existence of a mushroom was affected by air temperature and precipitation (Yamashita and Hijii 2004) , and the development and deterioration of individual mushrooms also could be governed by such factors. These unpredictable factors might be a reason why our results did not show clear evidence for existence of preferenceÐperformance linkage, as occurs with some phytophagous insects (Mayhew 1997 , Price 1997 ).
In conclusion, N. inermis colonized mushrooms of Collybia before colonization of other insects, but thereafter the nitidulid suffered from competitive interactions with other insects. The Þeld data suggested that parents may have reduced negative effects on their offspring by predictive oviposition site selection, i.e., oviposition behavior that predicts future better mushroom growth favoring offspring performance, although it was not clearly indicated because of unpredictable factors acting on mushrooms. 
